Although high peak currents and fast risetimes can be simultaneously obtained for relatively short pulses in semiconductor thyristors have been obtained, no extensive study of thyristor operation under pulse conditions has been reported. This work demonstrates that reliable repetitive operation over millions of pulses can be obtained for pulse widths of around 1 ms.
INTRODUCTION
Although power semiconductor switches have been used extensively in many power electronics applications, their utilization in pulse power circuitry has remained low. The principle reason has probably been the perception that short pulse operation, particularly under fast turn-on stress, either was not possible at all, or when possible, led to early failure. However, it has been shown [l -51 that high peak currents and fast risetimes can be simultaneously obtained for short pulses in discrete semiconductor thyristors, and that the use of single elements in pulse power circuits is feasible for repetitive peak currents up to 10 kA and dildt values in excess of 20 W p s in the burst mode [ 5 ] , but no repetitive measurements have been made to examine the effectiveness of short pulse operation over long periods of time. This work was done to determine the behavior of thyristors as closing switches under repetitive high current, short pulse operation.
EXPERIMENTAL FIXTURE
A preliminary PSPICE design of a ringdown test circuit delivering a 1 ps pulse (pulse width at half maximum) at peak currents up to at least 10 kA and pulse repetition rates up to 100 Hz was performed. The design required a total capacitance of 10 pF, discharged into a 60 milliohm load, with a total circuit inductance less than 20 nH. The low value of the inductance required a .careful circuit implementation. The circuit was therefore implemented in a complex fixture made up of five parts: an aluminum base plate, an anode capacitor and retaining ring, an inner load ring, and anode and cathode anvils. The load resistance, located on and insulated from the base, was implemented using Evenohm wire, which has a very low temperature coefficent of resistance, in a wagon wheel configuration for the lowest parasitic inductance. The resistance was isolated from the base plate by a Kapton layer and a mica layer, the Kapton providing high voltage electrical isolation, and the mica, any required thermal isolation. The center of the cathode anvil had an isolated spring loaded gate contact A capacitor mount, incorporation two NWL 5 pF, 6 kV pulse rated capacitors in parallel was used to connect the capacitors and the power supply to the fixture. Figure 1 shows the complete fixture. 
EXPERIMENTAL PROCEDURE
Twenty-eight Westinghouse extended gate, inverter type 37 mm T-88 devices, rated at a blocking voltage of 2.4 kV and an average current of 650 A, and containing cathode shorts, were tested in the fixture. In order to eliminate the inductance associated with the package, only the wafers, on their thermal matchmg molybdenum slugs, (shown in figure 2) were tested. These were placed between the anode and cathode anvils, and the capacitor mpunt was bolted down at a pressure of one to two kilopounds.
Although the T-88 has an amplifying gate, this was shorted to the cathode by the pressure loaded gate contact. The purpose of the short was to make a set of measurements consistent with those performed single-shot [3, 51. In order to assure adequate turn-on, the shorted gate of each device was driven with a 125 A, 0.5 ps pulse. Wafers were repetitively stressed with pulses between 6 kA and 12 kA, at repetition rates of 10, 50 and 100 pulses per second (pps).
Anode to cathode voltage was obtained by way of a Tektronix P6015 probe, and anode current was measured with a calibrated Rogowski coil; both waveforms were displayed on an HP Model 54502A digitizing oscilloscope. An HP Model 5315B universal counter was used to count the number of pulses. before the device failed. A pulse counter was used to count the number of pulses preceding failure, but because of the very large numbers of pulses involved in these measurements, the counter was not driven directly, but by way of an uncalibrated Rogowski coil placed around the device. As long as pulse current continued to flow, the counter continued to count; when a device failed, the counter stopped at the number of pulses delivered before failure. Figure 3 illustrates a current pulse and voltage fall for Device Number 11, at 50 pps and 1 kV anode-to-cathode voltage. The time scale is 2 ps per large division. The shape of this waveform is typical of all those obtained in the stress testing. The shape of the waveforms did not change during the pulsing, although the load wires became quite hot because of the high power dissipation in the load, indicating that no significant changes in the load resistance occured during the tests. Although every device ultimately failed, some continued to operate for millions of pulses, depending on the repetition rate and the peak pulse current. The devices which failed at a low number of switchmg events failed generally at peak currents between 12 kA and 14 kA at any repetition rate. However, between 6 kA and 10 kA, tens of thousands of switching events were obtained, and if the peak current was restricted to around 6 kA, millions of pulses were obtained for some devices. Table 1 contains a short list of some these devices. Short term failure, excluding infant failures normally to be expected, may probably be attributed to the high power dissipations occuring in the device at high peak currents.
EXPERIMENTAL RESULTS
For these devices, the width of the turn-on plasma at the peak of the pulse is estimated to be between 25 and 50 pm. Inasmuch as the action integral varies at the square of the current, the thermal stress at high currents in such a small region will be considerably higher than at low currents. Another possiblity is overetching of the cathode shorts; these may have been etched too deeply causing the devices to undertrigger. This effect could be observed by distortion in the gate waveform during triggering. Gate current was increased to try to compensate, but failure nevertheless occured.
The failure at longer test times is attributed to a thermal erosion and punchthrough of the cathode aluminum metalization. When a wafer was removed after long term failure, considerable erosion, with accompanying burn spots, could be observed, suggesting that considerable power dissipation was taking place at the interface between the cathode and the cathode anvil, despite clamping at high force. This possibility was tested by reducing the clamping force, but the results were ambiguous, inasmuch as some 13 million pulses were obtained before failure at 6 kA and 50 pps, even when the clamps were only finger tight.
However, it is still believed that performance could be significantly improved if some conforming layer, such as soft copper, were inserted between the cathode anvil and the wafer cathode.
CONCLUSIONS
The feasibility of the use of thyristors for applications requiring narrow high power repetitive pulses has been demonstrated, at least for those applications for which 1 ps is sufficiently narrow. Excepting process induced failures, long-term failure is likely to be the result of power losses at the contact. The number of pulses, and perhaps the peak currents, for these devices can possibly be increased by better anvil-to-contact configurations.
